Construction of banana bunchy top nanovirus-DNA-3 encoding the coat protein gene and its introducing into banana plants cv. Williams  by Ismail, Roba M. et al.
Journal of Genetic Engineering and Biotechnology (2011) 9, 35–41
Academy of Scientiﬁc Research & Technology and
National Research Center, Egypt
Journal of Genetic Engineering and Biotechnology
www.elsevier.com/locate/jgebARTICLE
Construction of banana bunchy top nanovirus-DNA-3
encoding the coat protein gene and its introducing into
banana plants cv. WilliamsRoba M. Ismail a, F.M. El-Domyati b, E.E. Wagih c, A.S. Sadik a,d,*,
A.Z.E. Abdelsalam b,e
a Agricultural Genetic Engineering Research Institute (AGERI), Agricultural Research Center (ARC), 12619 Giza, Egypt
b Department of Genetics, Faculty of Agriculture, Ain Shams University, P.O. Box 68, Hadayek Shubra, 11241 Cairo, Egypt
c Department of Plant Pathology, Faculty of Agriculture, Alexandria University, Egypt
d Department of Agricultural Microbiology (Virology Laboratory), Faculty of Agriculture, Ain Shams University, P.O. Box 68,
Hadayek Shubra, 11241 Cairo, Egypt
e Ain Shams Center for Genetic Engineering and Biotechnology (ACGEB), Faculty of Agriculture, Ain Shams
University, P.O.Box 68, Hadayek Shubra, 11241 Cairo, EgyptReceived 10 May 2011; accepted 10 May 2011
Available online 21 June 2011
KEYWORDS
Banana;
Microprojectile bombard-
ment transformation;
Maize ubi promoter;
Herbicide resistance gene
(bar);
Abstract Banana (Musa sp.) is considered as one of the most important fruit crops worldwide
as well as in Egypt. The main goal of this study was to construct the open reading frame (ORF)
of banana bunchy top nanovirus (BBTV)-DNA-3 that encodes the viral coat protein (cp) gene
for banana transformation. The previously sequenced BBTV-G-DNA-3-ORF that cloned into
plasmid pH1 was used as a template for PCR ampliﬁcation using two speciﬁc primers contain-
ing Bam H1 site. A new plasmid called pRHA1 containing the ampliﬁed ORF under the control
of maize polyubiquitin (ubi) promoter was created. The bar gene (herbicide-resistance gene as a
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selectable marker) cassette (bar gene, Cauliﬂower mosaic caulimovirus (CaMV) 35S promoter
and nos terminator) was released from plasmid pAB6 using Hind III-digestion and subcloned
into the Hind III-digested plasmid pRHA1 to create the plasmid pRHA2 via the microprojectile
bombardment transformation system. The plasmid pRHA2 was successfully introduced in the
applied banana cultivar. Leaf painting test was conducted to conﬁrm the expression of the
bar gene in the putative transformed banana lines. The presence and expression of BBTV-G-
cp gene were also detected using some molecular (polymerase chain reaction and dot blot using
a cold DNA probe) and serological (ELISA and western blot) techniques, respectively, in the
obtained transgenic banana lines.
ª 2011 Academy of Scientific Research and Technology. Production and hosting by Elsevier B.V.
All rights reserved.
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Banana (Musa sp.) is one of the most important crops in Egypt
which is reported to be the fourth country on the global level
as produces annuals (728,999) tons [1]. Banana productivity is
generally reduced by virus diseases; the most deleterious dis-
ease which lemmatizes banana production is banana bunchy
top nanovirus (BBTV), the causal agent of banana bunchy
top disease (BBTD) [9].
The control of such viruses using insecticides and/or inspec-
tion and rouging is ineffective. Production of virus-free banana
plants via tissue culture technique (TCT) or transgenic resis-
tant cultivars to such viruses would be the most effective
means for its control beside the classical means. In many situ-
ations this strategy can delay the requirement to use chemical
control measures. Unfortunately, TCT will not eliminate all
banana viruses, therefore, transgenic varieties that are virus
resistance, based on virus-derived transgenes have been widely
demonstrated to be an effective strategy for control of such
viruses and could increase productivity and reduce inputs.
Classical breeding is difﬁcult and not accurate enough for
transferring gene(s) to banana and this could be due to the
extremely complicated genetic system ofMusa spp., i.e., differ-
ent genomic constitutions, heterozygosity, polyploidy, long
generation times, and sterility of edible clones [13]. Genetic
transformation, in conjugation with pathogen-derived resis-
tance [11] is one potential strategy for developing virus resis-
tance in bananas. One which has proven to be difﬁcult to
obtain by conventional breeding [19].
This study was designed to carry out the following items,
(a) Preparation of a construct containing the BBTV DNA-3
encoding the open reading frame (ORF) of the viral coat pro-
tein (CP). (b) Introducing the BBTV-cp-ORF gene into cv.
Williams of banana plants. (c) Detection of either presence
or expression of the introduced gene(s). (d) Regeneration of
the transformed banana plant materials. (e) Acclimatization
of the transformed banana plants.
2. Materials and methods
This study was conducted at the Gene Transfer Laboratory
(GTL), Agricultural Genetic Engineering Research Institute
(AGERI), Agricultural Research Center (ARC), Giza, Egypt.
2.1. Plant materials
Banana plants cv. Williams were obtained from GTL, AGERI,
ARC, Giza, Egypt and subjected to indirect-enzyme linkedimmunosorbent assay (I-ELISA) detection of BBTV according
to [18].
2.2. Antisera
Antibodies speciﬁc to BBTV-Australian isolate that used for
ELISA detection was kindly provided by Dr. John E. Thomas,
Plant Protection Unit, Department of Primary Industries,
Queensland, South East Region, Indooroopily, Brisbane,
Australia.
2.3. Plasmid vectors
Two plasmids were used, i.e., pAB6, that contains gus and
bar genes [28] and pAHC17 that contains the ubi promoter
[7]. In addition, plasmid pH1 that contains the ORF of
BBTV-G-cp, constructed by Molecular Plant Pathogenesis
Laboratory (MPPL), AGERI, ARC, Giza, Egypt was also
applied.
2.4. Primers used
All primers in Table 1 were synthesized at AGERI, ARC,
Giza, Egypt on an AB1392 DNA/RNA Synthesizer (Ap-
plied Bio systems, Lincoln Center Drive, Foster City, CA,
USA).
2.5. Construction of plasmid pRAH2
The BBTV-G-DNA-3-cp gene was cloned into a suitable
plant expression vector creating plasmid pRAH2 as fol-
lows: The BBTV-G-DNA-3-cp encoding ORF was ampli-
ﬁed from plasmid pH1 by Add/On-PCR using two
primer pairs containing the Bam HI site (BBTV-F and
BBTV-R, Table 1) according to Wanitchakorn et al. [30].
The plasmid pRAH1 was created by ligation of the Bam
H1-digested ORF-PCR product and plasmid pAHC17
[16]. Bar gene cassette was released from plasmid pAB6
by Hind III-digestion and cloned into the Hind III
digested-plasmid pRHA1 creating plasmid pRHA2. The
integrity of the plasmid pRHA2 was conﬁrmed using Hind
III digestion and PCR analysis.
In order to determine the sense orientation for BBTV-G-cp
gene in the prepared construct, PCR analysis using two
primers, i.e., the BBTV-F and the nos terminator reverse pri-
mer (50 TTA TCC TAG TTT GCG CGC TA 30) was con-
ducted as mentioned before with a template of plasmid
pRHA2 DNA.
Table 1 Primers used for construction and screening the putative transgenic plants.
Primers Primer sizes Sequence 50–30 References
bar-F 30 AAA AGC TTC CAC CAT GAG CCC ACG ACG ACG ESL, AGERI
bar-R 25 AAG GAT CCT CAG ATC TCG GTG ACG G ESL, AGERI
BBTV-F 29 AAG GAT CCA CCA TGG CTA GGT ATC CGA AG [5]
BBTV-R 30 GCC CGG ATC CTC AAA CAT GAT ATG TAA TTC [5]
Ha.004 (F) 32 GAC AAG AAG GAT CCA TGG CTA GGT ATC CGA AG MPPL, AGERI
Ha.002 (R) 24 ATA AAG CTT TCA AAC ATG ATA TGT
The under lined nucleotides represents the Hind III site.
The nucleotides in italics refer to the Bam HI created site.
The bold nucleotides refer to the eukaryotic expression sequence.
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Six-month-old apical meristem explants (AMEs) were excised
with a length of about 3–5 cm, surface sterilized by soaking
them in 0.2% mercuric chloride for 30 min, followed by abso-
lute chlorox for 20 min and then washed several times with
sterile distilled water (dH2O). AMEs in a size of 0.2–0.5 cm
were separated and incubated on MS medium [21] supple-
mented with 3 mg/L BAP for 3 weeks at 28 ± 2 C and a pho-
toperiod 8/16 h (dark/light) for the required period.
2.7. Transformation of Williams banana explants using plasmid
pRHA2
On the basis of the method given by Sadik et al. [25], plant
transformation was carried out by particle bombardment tech-
nique using the biolistic PDS-1000/He device (Bio-Rad, USA)
using plasmid pRHA2; AMEs 650; psi helium pressures and
5 lg DNA.
2.8. Selection and regeneration of transgenic explants
After bombarding, the explants were then transferred to a so-
lid MS medium containing 3 mg/L bialaphos for 1 month. The
bialaphos-resistant explants as well as those grown under no
selection pressure were transferred to the regeneration medium
containing 3 mg/L bialaphos and left to regenerate for
3–4 weeks as described by Sadik et al. [25]. The dead tissues
(non transgenic tissues) were cut off and the rest of tissues were
transferred to a fresh selection medium. The plantlets were
then transferred to the half-strength rooting medium which
contains 1 lm IBA for about 2–3 weeks at 28 C. The percent-
age of bialaphos-resistant plantlets was determined. The
healthy transgenic plantlets were then transferred from rooting
medium to a controlled growth chamber into a pots containing
a mixture of peat-moss and sand (1:1, v:v). Each pot was cov-
ered with a nylon bag for a few days after transplantation to
prevent seedling desiccation. The plants were hardened by
removing plastic bags gradually within 2 weeks.
2.9. Evaluation of transgenic plants
In this experiment, herbicide-resistance of putative transgenic
plants was tested by painting the transformed banana leaves
with the recommended dose of BASTA herbicide (2 g/L).
PCR technique was applied to detect the presence of the intro-
duced gene(s) (e.g. BBTV-cp and bar) using speciﬁc primers(BBTV-R and BBTV-F, bar-F and bar-R, respectively) as illus-
trated in Table 1 and 100 ng DNA template. The PCR was
conducted in a volume of 50 ll as given by Harding et al.
[16]. The ampliﬁcation cycles were as follows, one cycle at
95 C for 4 min, then 35 cycles (each consists of 95 C for
1 min (as a denaturation temperature), 55 C and 60 C for
1 min (as a annealing temperature) for BBV-G-cp and bar
genes, respectively, and 72 C at 2 min (as extending tempera-
ture). The ﬁnal cycle was extended for another 7 min at 72 C.
Dot blot analysis was carried out on six samples taken from
some transgenic banana plants that gave positive PCR results.
For the expression of the BBTV-cp gene, I-ELISA tech-
nique was used as described by Koeing [18]. Expression of
BBTV-cp gene in transgenic banana plants was also detected
by western blot analysis using polyclonal antibodies (PAbs)
speciﬁc to BBTV obtained from MPPL, AGERI.
3. Results and discussion
Banana crop is susceptible to a large number of viral, bacterial
and fungal diseases. The viral disease BBTD caused by BBTV is
the most economically important virus disease affecting bana-
nas [9]. Much of the efforts in producing a banana crop are di-
rected toward controlling the disease. The early detection of the
virus in banana plant materials, particularly those produced via
tissue culture technique or other showing no symptoms (symp-
tomless) in the ﬁeld, is considered as one of the most important
steps for controlling the virus [23] and [27] during subsequent
micro-propagation and banana breeding programs [14].
Dale [8] concluded that no resistant or immune cultivar has
been identiﬁed and conventional breeding program cannot be
used for resistant breeding. Strict rouging of all infected plants
as well as the use of virus-free cell lines is the only solution to
control this disease.
3.1. Plasmid pRHA2 construction
In this study, plant expression vector pRHA2 (7.540 kbp,
Fig. 1) contains the ORF of BBTV-cp gene under the control
of ubi promoter and bar gene controlled by CaMV 35S pro-
moter as a selectable marker was constructed.
3.2. Molecular conﬁrmation
Result in Fig. 2 shows the PCR conﬁrmation of plasmid
pRHA1, as a PCR product with a size of 531 nt (513 nt refer
to BBTV-cp-ORF+ 12 nt refer to Bam HI site in the two
Figure 1 A diagram showing the plasmid pRHA2 consists of
pRHA1 and the bar gene as a selectable marker gene controlled by
CaMV 35S promoter and nos terminator.
Figure 2 PCR conﬁrmation of plasmid pRHA1 containing the
ORF of BBTV-G-cp. Note: PCR product with a size of about
531 bp was ampliﬁed (lane 2). Lane 1, PCR positive control. Lanes
3 represent negative control (PCR mixture without any template).
Lane 4 represents healthy banana plant. M: 1 kb DNA Ladder as
a DNA marker.
Figure 3 Plasmid pRHA2 digestion of with Hind III restriction
enzyme. A band with a size of about 2.08 kbp was obtained and
conﬁrmed the presence of the bar cassette. M: 1 kb DNA Ladder
as a DNA marker.
Figure 4 (A) PCR conﬁrmation of plasmid pRHA2 containing
the ORF of BBTV-G-cp and the bar gene. Note: PCR products
with sizes of about 561 bp was ampliﬁed conﬁrm the presence of
the bar gene in the plasmid (Lane 4). Lane 1, PCR positive
control. Lane 2 represent negative control, Lane 3 represent
positive control. PCR conﬁrmation of plasmid pRHA2. (B) A
fragment of about 570 bp (lane 3) conﬁrms the sense orientation.
Lane 1, PCR negative control. Lane 2 represents the positive
control (PCR mixture using the two speciﬁc primers speciﬁc to
BBTV-cp gene). M: 1 kb DNA Ladder as a DNA marker.
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ampliﬁed.
Digestion of plasmid pRHA2 with Hind III as shown in
Fig. 3 produced two fragments (2080 and 5460 bp) represent-
ing the bar cassette gene and the rest of vector pRHA2, respec-
tively. These results are indicating the cloning of the bar gene
into the investigated plasmid.
The result of PCR analysis of plasmid pRHA2 using the
speciﬁc primers of bar gene resulted an ampliﬁed band at a size
of 561 bp (Fig. 4a). The results of digestion with the Hind III
and PCR analysis conﬁrmed the successful construction of
the plasmid pRHA2.
It is important to mention that the sense orientation of
BBTV-G-cp gene was conﬁrmed by PCR technique using the
forward primer of BBTV-G-cp gene and the reverse primer
of the nos terminator. A fragment in a size of about 570 bp
was released as illustrated in Fig. 4b.3.3. Transformation and regeneration of banana plants
The microprojectile bombardment approach was developed as
an effective method for the stable transformation and regener-
ation of Cavendish banana (Musa spp. AAA group) cv.
‘Grand Nain’ by Becker et al. [3]. They mentioned that
DNA is enabled to be introducing into plant tissues for study-
ing the tissue-speciﬁc gene expression. In the present study,
AMEs, 650 psi and 5 lg DNA/shot were used.
AMEs of the cv. Williams of banana were bombarded with
pRHA2 plasmid containing bar and BBTV-cp genes.
Bombarded cells were selected for 3 weeks on MS selectable
medium containing bialaphos followed by 2 months on
multiplication medium with bialaphos (Fig. 5). Then, the
Figure 5 Bialaphos-resistant explant materials of transformed
banana containing the bar as a selectable marker on MS medium
containing 3 mg/L bialaphos. (A) AMEs immediately after
shooting, (B) the explants after 2 weeks from culturing on the
selective medium.
Figure 6 Regeneration stages of bialaphos-resistant explants of
banana bombarded with plasmid pRHA2. (A) Enlarged AMEs
containing the bar gene, (B) shoot formation stage, (C) shoot
elongation stage, (D) roots formation stage and (E) acclimatiza-
tion stage under a controlled greenhouse conditions.
Figure 7 Leaf painting of transformed banana plant containing
the ORF of BBTV-G-cp gene and the bar gene as a selectable
marker (b). (A) Non-transformed plant. Note: the transformed
plant painted with BASTA showed a green color while the non-
transformed one turned to brownish-yellow.
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As illustrated in Table 2, 150 AMEs in three replicates were
bombarded and 93 AMEs were survived (in a ratio of 62%)
on the selective medium that contains bialaphos as a selective
agent. On the ﬁrst subculture, a set of 75 (80.36%) explants
were produced shoots and all of them were rooted. Fig. 6 illus-
trates the stages of regeneration of transgenic banana plants.
3.4. Evaluation of putative transgenic plants
To prove the presence (integration) and expression of the
introduced genes, the obtained banana transgenic lines were
subjected to chemical, serological and molecular evaluation.
3.5. Chemical evaluation
The most important criterion to assess the production of trans-
formants in this study was leaf painting with the BASTA
herbicide at the recommended dose. The putative transgenic
banana lines was tested under greenhouse conditions by paint-
ing the middle green parts of the plant leaves from both sides
with 2 g/L BASTA. The herbicide-resistant leaves of trans-
genic plants showed the normal green color, while others of
non transgenic (control plant leaves) turned yellow and their
cells were died within 2 days (Fig. 7). Out of 65 plants treated
with BASTA, 33 plants were still resistant after 3 weeks from
BASTA treatment, representing 51%.
Lorz et al. [20] analyzed phosphinothricin (PAT) activity
conferred by the bar gene spraying whole plants or single
leaves (leaf-painting) with an aqueous solution of the BASTA
herbicide. PAT-negative plants showed strong looked pheno-
typically normal. They also sprayed the segregation T1 plants
as a tool to analyze the inheritance of bar gene in the progeny.Table 2 Rate of transformation in AMEs of banana cv. Williams bombarded with plasmid pRHA2.
Replicate Number of bombarded explants Bialaphos-resistant explants Explants produced shoots Shoots produced roots
No. % No. % No. %
R1 50 32 64 25 78.10 25 100
R2 50 27 54 21 77.70 21 100
R3 50 34 68 29 85.29 29 100
Total 150 93 62 75 80.65 75 100
Figure 9 Dot blot detection of genomic DNA from six putative
transgenic plants (1–6). NC, negative control; PC, positive control.
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The PCR, as one of the non-radioactive molecular tools, was
used successfully to detect very low concentration of nucleic
acids belonging to several plant viruses [29,31,15,27] and [26].
In this study, PCR was utilized for rapid screening of
BBTV-cp gene. Total genomic DNA was extracted from plants
which they are positive in leaf painting assay. Using two
primers speciﬁc to the ORF of BBTV-G-cp gene, a PCR prod-
uct with a size of about 531 bp was ampliﬁed when the total
nucleic acids extracted from the applied transformants were
used as templates. The obtained result conﬁrmed the presence
of BBTV-cp in the transformants. DNA of non-transformed
plants was used as a negative control and DNA of plasmid
pRHA2 was used as a positive control, as shown in Fig. 8.
To conﬁrm that the speciﬁcity of the PCR ampliﬁed frag-
ment to the BBTV-G-cp coding sequence, the BBTV-G-cp
fragment labeled with Dig-dUTP and ampliﬁed from the plas-
mid pRHA2 was used as a DNA probe.
Dot blot hybridization is now the most commonly used
procedure for testing of large number of samples [17]. This
technique is widely used in plant virology. Boulton et al. [4]
used dot blot technique to screen large numbers of potato
plants in a program of breeding potatoes for resistance to sev-
eral viruses.
In this study, dot blot analysis was conducted for some
putative transgenic banana lines. Genomic DNA of the trans-
genic banana lines were blotted onto a nylon membrane and
hybridized with the previous DNA labeled probe. Results in
Fig. 9 show that the probe did not hybridize with the nucleic
acids extracted from non-transgens banana plants, but hybrid-
ized with the genomic DNA obtained from the transformants.
This event indicates the presence and integration of plasmid
pRHA2 in the genomic background of the transgenic banana
plants.
3.7. Serological evaluation
ELISA has been used by several investigators in different ﬁeld
of research. The technique is safe, rapid and reproducible
[24,6,2].Figure 8 PCR analysis of some transgenic banana plants (lanes
3–21) containing the ORF of BBTV-G-cp gene. A PCR product
with a size of about 531 bp was ampliﬁed. Lane 1, PCR positive
control ampliﬁed from the plasmid. Lane 2, PCR ampliﬁed from
negative control (PCR mixture without any template). M: 1 kb
DNA Ladder as a DNA marker.In this study, BBTV-cp gene expression was detected by
ELISA technique using antibodies speciﬁc to BBTV-Austra-
lian isolate. Banana leaves derived from in vitro cultured which
included transgenic and non-transgenic plants from Williams
hybrid cultivar were subjected to assay by indirect-ELISA
(I-ELISA) technique. Results revealed the signiﬁcant of
ELISA test for detecting of protein expressed by BBTV-
cp gene in transgenic banana plants. In other words, all
transgenic plants positively responded to the test compared
to control (0.390 for the positive control and 0.159 for the neg-
ative one). The ELISA values ranged from 0.318 to 0.818.
Gene resulted in the recovery of a large number of putative
transformants; biochemical (ELISA) analysis demonstrated
the efﬁciency of the transformation procedure and showed that
the transgenic plants obtained were express the introduced
gene.
To conﬁrm the expression of the BBTV-cp gene in banana
plants, western blot immunoassay was performed using pro-
tein extracted from the putative plants using polyclonal anti-
bodies speciﬁc to BBTV-G-cp isolate produced using the
fusion protein of the BBTV-G-cp-ORF induced in Escherichia
coli via the QIA express system from Qiagene [22].
Results illustrated in Fig. 10 showed a band of about
20 kDa, which refer to protein, expressed by the ORF of the
BBTV-G-cp gene. The cp gene was proved to express in some
putative transgenic banana plants.
Many investigators used western blot immunoassay to ver-
ify the expression of cp genes in different transgenic plants, i.e.,
muskmelon and tobacco [10] and Cucumis melo [12].Figure 10 WBIA using PAbs speciﬁc to BBTV obtained from
MPPL, AGERI. Lane 1, protein extracted from BBTV-infected
banana plants (positive control). H, protein extracted from
healthy banana plant (negative control). Lanes (2ﬁ 8) proteins
extracted from transgenic banana plants bombarded with the
plasmid pRHA2.
Construction of banana bunchy top nanovirus-DNA-3 encoding the coat protein gene 41Acknowledgments
This work was carried out through the project entitled produc-
tion of transgenic banana plants resistant to some banana
viruses, under the Program of the National Strategy for
Biotechnology and Genetic Engineering, Science and Technol-
ogy Center, Academy of Scientiﬁc Research and Technology,
Ministry of Scientiﬁc Research. We would like to thank Dr.
Hanaiya A. El-Itriby, Former President of Agriculture
Research Center (ARC) and Director of Agricultural Genetic
Engineering Research Institute (AGERI), ARC, Giza and
Dr. Taymour Nasr El-Din, Head of Research and Former
Director of AGERI, ARC, Giza and the Principal Investigator
of the project for their sincere help during this work.
References
[1] Anonymous, Annual Report, Horticultural Research Institute
(HRI), Agricultural Research Center (ARC), Ministry of
Agriculture and Land Reclamation, Giza, Egypt, 2003.
[2] S.D. Bagga, J.D.S. Kemp, Sengupta-Gopalan, Plant Mol. Biol.
19 (1992) 951–958.
[3] D.K. Becker, B. Dugdale, M.K. Smith, R.M. Harding, J.L.
Dale, Plant Cell Rep. 19 (2000) 229–234.
[4] R.E. Boulton, G.J. Jellis, D.C. Baulcombe, A.M. Squire. The
application of complementary DNA probes to routine virus
detection, with particular reference to potato viruses, in: R.A.C.
Jones, L. Torrance (Eds.), Developments and Applications in
Virus Testing, Dev. Appl. Biol. I, 1986, pp. 41–53.
[5] T.M. Burns, R.M. Harding, J.L. Dale, J. Gen. Virol. 76 (1995)
1471–1482.
[6] B.E. Cabasen, A.G. Day, C.P. Lichtenetein, Gene 77 (1989) 169.
[7] A.H. Christensen, P. Quail, Plant Transgenic Res. 5 (1996) 213–
218.
[8] J.L. Dale, Banana and plantain, in: G.J. Persiey (Ed.),
Agricultural Biotechnology: Opportunities for International
Development, CAB International, Wallingford, 1990, pp. 223–
240.
[9] J.L. Dale, Adv. Virus Res. 33 (1987) 301–325.
[10] G. Fang, R. Grumet, Mol. Plant Microbe Interact. 6 (1993) 358–
367.
[11] J.H. Fitchen, R.N. Beachy, Annu. Rev. Microbiol. 47 (1993)739–763.[12] C. Gonsalves, B. Xue, M. Yepes, M. Fuchs, K. Ling, S. Namba,
P. Chee, J.L. Slightom, D. Gonsalves, J. Am. Soc. Hort. Sci. 119
(1994) 345–355.
[13] G. Hansen, M.S. Wright, Trends Plant Sci. 4 (6) (1999).
[14] R.M. Harding, A. Bahieldin, A.S. Sadik, J.L. Dale, Arab. J.
Biot. 3 (2000) 103–114.
[15] R.M. Harding, T.T.M. Burnes, G.F. Hafner, R. Dietzen, J.L.
Dale, J. Gen. Virol. 74 (1993) 1–6.
[16] R.M. Harding, T.M. Burns, J.L. Dale, J. Gen. Virol. 72 (1991)
225–230.
[17] R. Hull, Control and uses of plant viruses, in: Mathews Plant
Virology, Emeriuts, Research Fellow John Innes Center Norwich
Research Park Cloney, Norwich San Diego, 2002, pp. 661–674.
[18] R.C. Koeing, J. Gen. Virol. 55 (1978) 53–62.
[19] R.G. Kosky, Plant Cell Tissue Organ Culture 68 (2002) 21–26.
[20] H. Lorz, D. Becker, S. Lutticke, Euphytica 100 (1998) 219–223.
[21] T. Murashige, F. Skoog, Physiol. Plant 15 (1962) 473–497.
[22] Nour El-din, A. Hanan, Molecular and serological studies on
certain Egyptian banana virus isolation. Ph.D. Dissertation,
under awarding, Faculty of Science, Ain Shams Univ., 2003
[23] B.A. Othman, K.A. El-Dougdoug, A.S. Sadik, M.H. Abdul-
Ghaffar, Ann. Agric. Sci. Ain Shams Univ. Cairo Egypt 41
(1996) 627–634.
[24] S.G. Patt, N.S. Yong, Ann. Rev. Biochemical. 162 (1987) 529–
535.
[25] A.S. Sadik, F.M. El-Domyati, Roba M. Ismail, H.T. Mahfouz,
A.Z.E. Abdelsalam, Transformation of banana cv. Williams via
microprojectile bombardment system using the coat protein
gene of banana bunchy top nanovirus. The 1st Congress of Ain
Shams University for Biotechnology, Cairo, December, 22–24,
2001 (Abstract).
[26] A.S. Sadik, M.I. Salama, M.A. Madkour, Arab. J. Biotech. 2
(1999) 181–192.
[27] A.S. Sadik, M.H. Abdel-Gaffar, M.I. Salama, E.K. Allam,
Evaluation of three different methods for detection of banana
bunchy top nanoviruses. Proceeding of the 9th Conference of
Microbiology, Cairo, March 25–27, 1997, pp. 188–202.
[28] E. Sivamani, A. Eahieldin, J.M. Wraith, T. Al-Nicmi, W.E.
Dyer, T.H. DavidHo, R. Qu, Plant Sci. 155 (2000) 1–9.
[29] G.R. Smith, R.V. Velde, J.L. Dale, J. Virol. Methods 39 (1992)
237–246.
[30] R. Wanitchakorn, R.M. Harding, J.L. Dale, Arch. Virol. 142
(1997) 1673–1680.
[31] T. Wetzel, T. Candresse, G. Macquaire, M. Ravelonandro, J.
Dunez, J. Virol. Methods 39 (1992) 27–37.
